In this paper, Huadian oil shale was divided into six density sections through the use of a float sink method. By utilizing thermogravimetric analyzer (TGA) etc. analytic methods, a study was conducted of industrial and elementary analysis, pyrolysis characteristics kinetic property of oil shale of different densities. The results of the proximate and ultimate analysis show that with an increase in density of oil shale, an increase of ash content in oil shale, fixed carbon content, a decrease of volatile, element hydrogen, organic carbon and nitrogen content. The main minerals of oil shale are quartz, clay and calcite. The pyrolysis characteristics of oil shale of different densities are various, which due to the distinctive of the organic matter and mineral matter. The pyrolysis curves of oil shale of six densities indicate that oil shale in the range 1.50~1.60g/cm3 assumes a most intense pyrolysis and the maximum decomposition rate in the low temperature step. The weight loss of six density fractions becomes ever weaker with an increase of density.
extensively studied by a large number of scholars. Evolution mechanism of pore structure of oil shale particles and pore characteristics of oil shale ash during combustion were studied by Xiangxin Han et al. [5] . Using this method, they indicated that various combustion modes of oil shale will result in different pore structure of oil-shale ash. Qing WANG and Feng XU et al. [6] performed the study on the kinetic characteristics in the pyrolysis process of Huadian oil shale. They established that oil shale pyrolytic mechanisms are complex and mainly attribute to the nuclear mechanism. Jingru BAI and Qing WANG et al. [7] have examined the migratory behavior of trace elements during Hadean oil shale pyrolysis. The results show that the characteristics of release from oil shale can be promoted by the high heating rate as well as the nitrogen atmosphere. The pyrolysis kinetics of Huadian oil shale using thermogravimetric analyzer(TGA) have been performed by Wang,Q. et al. [8] . They established that there was no clear relationship between heating rate and activation energy.
Although various aspects of Huadian oil shale, its geology, composition and use are well studied, to our best knowledge there is no comprehensive study on the characteristics of oil shale of different densities. In this paper, Huadian oil shale was divided into six density sections. A study was conducted of pyrolysis characteristics of raw oil shale of different densities.
Experimental

Materials
A standard sample of oil shale was brought from the Huadian deposit, which is considered the largest deposit in Jilin located in northeastern China. Sample was crushed and sieved to less than 0.1mm, based on the National Standards of China. Table 1 presents the analytical data for this oil shale. The raw sample was recorded by OS.
Preparation and Measurements.
Huadian oil shale was separated into six density fractions, OS 1 (<1.50g/cm 3 ), OS 2 (1.50~1.60 g/cm 3 ), OS 3 (1.60~1.80g/cm 3 ), 3) ,OS 5 (2.00~2.40g/cm 3 ) and OS 6 (>2.4g/cm 3 ) using the float-sink method [9] . The selected fractions were prepared using benzene carbon tetrachloride mixtures for densities between 0.8 and 1.6gcm-3 and carbon tetrachloride bromoform mixtures for densities in the range1.6~2.8g/cm 3 . The Pyrolysis experiments were carried out by non-isothermal thermogravimetry using TA SDT-Q600 analyzer. Thermogravimetric experimental procedure involves placing the sample (ca.5mg) into a platinum crucible and heating in N2 atmosphere to 1200 at the rate of 20 /min at nitrogen flow rate of 80ml/min.All the experiments were carried out twice for reproducibility.
Results and discussions
Basic data
Analysis data of oil shale of six densities are presented in Table 2 . It is clear that with an increase in density of oil shale, the proximate analysis indicates an increase of ash content in oil shale, a decrease of volatile and fixed carbon content. The ultimate analysis also indicates a decrease of organic carbon, element hydrogen and nitrogen content. The large differences in mineral matter content among the six fractions of each oil shale are expected to result in a selective segregation of mineral species, mainly depending on the densities. The medium density fraction was mostly included mineral matter, and the excluded mineral matter mainly concentrated in the heavy fraction [10] . So it is obvious that with the increased of density, the content of excluded mineral matter of oil shale is increased, yet the organic matter and included mineral matter is all reduced. Figure. 1 shows the weight loss (TG) and differential weight loss (DTG) curves of row sample OS. The analysis of two curves indicates that there are two stages of mass-loss profile best illustrated that the pyrolysis of oil shale is divided into two-step.
Pyrolysis characteristics
The low temperature step from about 250 to 550 , produces largely weight loss, which has been attributed to the loss of the hydrocarbon material. The main weight loss began about 300°C, from then on, the rate of weight loss ascends rapidly due to the formation of volatile hydrocarbons. Generally, decomposition of kerogen to oil, char and gas products are divided into two-stage. The high temperature step, between 550 and 850 , the weight loss is attributed to further reaction of pyrolysis residues of organic matter and the decomposition of carbonate minerals such as calcite, ankerite, dolomite, and others. In this stage, the rate of weight loss is distinctly lower than the previous period. Though the curves show one-stage or two-stage decomposition process of oil shale, the actual mechanism of decomposition is a much more complex reaction involving a series of parallel reactions [11] .
The TG and DTG curves for oil shale of different densities are presented in Fig.2 and Fig.3 , it is seen that several differences exist between the pyrolysis profiles of different samples due to the distinctive of the organic matter and mineral matter. The TG curves of oil Figure 4 .Symbols for Table 3 .
shale of six densities indicate that the weight loss gradually decreases with an increase of the density of oilshale. Taking into consideration that the peak height of oil shale decomposition is directly proportional to the reactivity, it is clear that although the content of organic matter of OS 1 is more than OS 2 , the maximum pyrolysis rate of OS 1 was lower than OS 2 in the low temperature step. It is also seen that the organic matter of OS 1 is largely more than OS 3 , but the maximum pyrolysis rate of them is very similar. These results indicate that the reactivity of the fuels studied was strongly influenced by the density separation process, due to the increase of mineral matter produced. Thus, it can be observed that the mineral matter may have a catalytic effect on the organic matter (kerogens) pyrolysis of oil shale. Clays (montmorillonite, kaolinite) have been shown to be the most active on the reactivity of hydrocarbon compounds and in promoting their decomposition as the temperature rises [12, 13] . Compared OS 3 with OS 4 , we can see that ash and volatile of them is all very similar, but the peak height in the stage of kerogen pyrolysis of oil shale has a big distance, which dues to mineral composition of them is the difference and the clay content of OS 3 are more than OS 4 .The high temperature step pyrolysis is associated with the residual organic matter and mineral matter (calcite). Therefore, the kerogen content of OS 5 and OS 6 is all so a few that the peak of them in the low temperature step is not quite obvious, but the peak height in the high temperature step is very clear compared with OS 1 and OS 4 .
Four temperatures characteristic of pyrolysis are defined: temperature of the beginning of pyrolysis (T b ), maximum pyrolysis temperature of kerogen (Tmax 1 ), temperature of the end of pyrolysis of the organic matter (Ts), and temperature of maximum decomposition of carbonate minerals (Tmax 2 ). Define T1/2 as the corresponding temperature of dw/dt=1/2 (dw/dt)max, which mainly describes the concentrative degree of volatile material evolved. The corresponding experimental data are present in Table 4 , it is seen that the thermogravimetric data give a more specific analysis about the relationship between pyrolysis characteristics and the mineral composition of oil shale. From the thermogravimetric data and the above analysis, it is clear that the oil shale for density between 1.80 g/cm 3 and 2.00g/cm 3 has a complicated composition, which needs further study in the future. The data of others are relatively regular, as the density of oil shale is increased, Tb increased as well, while Tmax1, Tmax2 and Ts all decreased. In addition, the density with 1.60~1.80g/cm 3 of oil shale provided a sample with almost identical ash and volatile matter content and the thermogravimetric data to the row sample, which shows that the oil shale of this range of density could represent the physical and chemical properties of the whole oil shale deposit.
Thermogravimetric analysis mainly relates with the most intense stage of weight loss of oil shale. In this paper, kinetic analysis of pyrolysis data of oil shale of different densities adopted Coats-Redfern method [14] . Activation energy (E) can be calculated from the slope and the frequency factor (A) can be determined from the intercept. Table 4 shows the kinetic parameters of different samples at the most intense stage of reaction. As can be seen from the table, the activation energies of oil shale of different densities have a tendency to increase and then decrease with decreasing oil shale density. The medium density fraction (1.60~1.80g/cm3) has the biggest activation energy in the low temperature step and the high temperature step.
Conclusions
In this research, an experimental study on pyrolysis characteristics Huadian oil shale of different densities was presented. Proximate analysis shows that a gradually increase of ash content in oil shale, a decrease of volatile and fixed carbon content as an increase of the density of oil shale. Ultimate analysis indicates a decrease of organic carbon, nitrogen content and element hydrogen. The pyrolysis characteristics of oil shale of different densities are various, which due to the distinctive of the organic matter and mineral matter. The maximum pyrolysis rate of OS 2 was larger than OS 1 in the low temperature step because of the catalytic effect of clays on the hydrocarbon compounds pyrolysis. The density with 1.60~1.80g/cm 3 of oil shale could represent the physical and chemical properties of the whole oil shale deposit. The oil shale for density between 1.80 g/cm 3 and 2.00g/cm 3 has a complicated composition, which needs further study in the future.
